Bacterial diversity in the water column of a freshwater lake in the Netherlands was investigated by analysis of 16S rRNA gene sequences recovered through PCR amplification from total community DNA. Among 23 unique cloned sequences, two appeared to belong to the recently described bacterial division Verrucomicrobiales. One of the two sequences was most similar to a group of environmental clones that form a distinct lineage within the division. The other sequence was divergent (less than 85% similarity) from all 16S rRNA gene sequences, both from cultivated species and from environmental clones, known in this division to date. Analysis by denaturing gradient gel electrophoresis (DGGE) and sequencing of DNA recovered through excision from the DGGE gel showed that the two sequence types were present in the lake throughout the year. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Until recently, our knowledge of natural bacterioplankton diversity has largely been based on cultivation studies (see for instance [1] ). However, cultiva-tion methods have been shown to recover only a small subset of the species present in environmental samples [2^5], thus generating a distorted view of bacterial community composition. These limitations and the di¤culties with discriminating morphologically similar bacteria have compelled microbial ecologists to use molecular techniques to investigate the species composition of bacterial communities [6^8]. These techniques allow the direct sampling of the genetic diversity of microbial communities, without the need for cultivation, through the recovery of evolutionary marker molecules such as the ribosomal RNA (rRNA) genes. Although not completely without bias itself [9, 10] , this molecular approach has successfully been employed to survey the diversity of planktonic bacteria in the world's oceans [111 4] . In contrast, freshwater ecosystems have rarely been the focus of such direct molecular investigations of microbial diversity.
A common type of freshwater ecosystem in the Netherlands is the eutrophic cyanobacterially dominated lake. With the ultimate goal of understanding the structure and function of the microbial community in such a lake, we used molecular techniques to investigate bacterioplankton diversity in Lake Loosdrecht (The Netherlands). This shallow lake (1.9 m mean depth) is still eutrophic despite dephosphorization of inlet water since 1983 [15] . Its water is turbid throughout the year as a result of wind resuspension of sedimented detritus and the abundant presence of ¢lamentous cyanobacteria [16] . The bacterial diversity was investigated by analysis of 16S rRNA gene (16S rDNA) sequences which were recovered from water samples through PCR ampli¢cation. In the analysis we followed a dual approach. On the one hand, nearly full-length ampli¢ed genes were cloned and individual clones were sequenced. On the other hand, ampli¢ed DNA from the lake was directly analyzed using denaturing gradient gel electrophoresis (DGGE) [17] . The comparison of clones and the direct ampli¢cation pattern in DGGE allowed the identi¢cation of particular bands from the lake sample. Using this approach, we identi¢ed two divergent members of the recently proposed bacterial division Verrucomicrobiales [18^20]. In this division only cultivated species from two genera have been described: Verrucomicrobium and Prosthecobacter.
Materials and methods

Sampling and DNA extraction
Water samples were collected immediately below the surface in sterile bottles, from a jetty on the north-east bank of Lake Loosdrecht, and kept dark at 4³C. Within 2 h after sampling, 50 ml of each sample was ¢ltered over a polycarbonate membrane ¢lter (0.2 Wm pore size, 2.5 cm diameter, BA83 Schleicher and Schuell, Dassel, Germany). The ¢lter was cut in two with a sterile scalpel and each half was stored in a microcentrifuge tube at 380³C until further processing. Sampling dates were 19 April 1995, 30 August 1995 and 19 January 1996, with lake water temperatures of 10, 16 and 0³C, respectively.
To lyse the cells, 0.5 g of zirconium beads (0.1 mm diameter), 0.5 ml TE bu¡er (10 mM Tris, pH 7.6, 1 mM EDTA) and 0.5 ml bu¡ered phenol (pH 7^8) were added to the tubes containing the ¢lter and the tubes were vigorously shaken (5000 rpm) on a Mini Beadbeater (Biospec Products, Bartlesville, OK, USA) for 2 min with intermittent cooling on ice. The tubes were then centrifuged for 5 min at 10 000Ug and the upper (aqueous) phase was collected and extracted twice with phenol-chloroformisoamyl alcohol (25:24:1) by brief shaking on a vortex mixer and separation of the aqueous and the organic phase through centrifugation. Then, the DNA was precipitated by adding 1/10 volume of 3 M sodium acetate (pH 5) and two volumes of 96% (v/v) ethanol and centrifuging for 30 min at 14 000Ug. Subsequently, the DNA was dissolved in TE, incubated in the presence of RNase A (2 mg ml 3I ) at 70³C for 10 min and puri¢ed on a Wizard column (Promega, Madison, WI, USA) according to the manufacturer's recommendations.
Clone library construction
To generate near full-length 16S rDNA clones, the extracted DNA was subjected to PCR ampli¢cation with the following primers: F27 (5P-AGAGTTT-GATCMTGGCTCAG-3P [21] ) which is speci¢c for most Bacteria and R1492 (5P-GRTACCTTGTTAC-GACTT-3P) which is speci¢c for most Bacteria and Archaea. Numbering refers to the Escherichia coli 16S rRNA gene position corresponding to the 3P end of the primers. PCR ampli¢cation was performed using a PE480 thermocycler (Perkin-Elmer, Foster City, CA, USA) in a 50 Wl reaction mixture containing approximately 100 ng of puri¢ed DNA, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 0.01% (w/v) gelatine, 200 WM of each deoxynucleotide, 1.5 mM MgCl P , 2.5 units of Taq DNA polymerase (Boehringer Mannheim, Mannheim, Germany) and 0.5 WM of each primer. The temperature cycling conditions were as follows. First, a preincubation at 94³C for 5 min; then 25 cycles of 94³C for 1 min, 55³C for 1 min and 72³C for 1 min; and ¢nally, an incubation at 72³C for 5 min.
The PCR products were excised from an agarose gel (1.6%) and puri¢ed with QIAquick spin columns (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The product was ligated into pGEM-T vector (Promega) and transfected through heat shock to Epicurian Coli XL1-Blue MRFP supercompetent E. coli cells (Stratagene, La Jolla, CA, USA). The presence of inserts was determined by performing a PCR directly on a bacterial sample from white (positive) colonies, using primers £anking the cloning site on the vector. Plasmids were puri¢ed from successfully transfected clones using the High Pure Plasmid isolation kit of Boehringer Mannheim.
To determine the sequences of plasmid inserts, cycle sequence reactions were performed using Thermosequenase (Amersham, Little Chalfont, UK) according to the manufacturer's instructions. Fragment separation, detection and base calling was done using a Vistra DNA Sequencer 725 (Amersham). The sequences were determined in two directions with two vector-speci¢c primers £anking the cloning site: M13 (321) forward (5P-TGTAAAACGAC-GGCCAGT-3P) and M13 (326) reverse (5P-GAAA-CAGCTATGACCATG-3P) which were labelled with Texas red, and ¢ve primers binding at sites in the 16S rDNA: F357 (5P-CCTACGGGAGGCAGC-AG-3P), R1053 (5P-AGCTGACGACAGCCATGC-3P) and R1221 (5P-CATTGTAGCACGTGTGT-AGCC-3P) which were Texas red-labelled, and F797plus (5P-GCGTTCTTCATCGTTGCGAG-CA-AACRGGATTAGATACCC-3P) and R518plus (5P-GCGTTCTTCATCGTTGCGAG-ATTACCGCG-GCTGCTGG-3P). The latter two unlabelled primers (in combination with R1492 and F27, respectively) were used to generate PCR products from the plasmids which subsequently were subjected to cycle sequencing. The Texas red-labelled primer used for sequencing of these PCR products (Stef1Tex, 5P-GCGTTCTTCATCGTTGCGAG-3P) binds speci¢cally to the site introduced in the PCR reaction through the extensions at the 5P end of F797plus and R518plus.
DGGE pro¢ling
The DNA extracted from the water samples was ampli¢ed for DGGE analysis using the PCR procedure essentially as described by Muyzer et al. [22] . The PCR primers were F357GC (5P-CGCCCGC-CGCGCCCCGCGCCCGGCCCGCCGCCCCCGC-CCCCCTACGGGAGGCAGCAG-3P), which contains a GC-rich`clamp' and is speci¢c for most Bacteria, and R518 (5P-ATTACCGCGGCTGCT-GG-3P) which is speci¢c for most Bacteria, Archaea and Eukarya. The temperature cycling conditions were as follows. After a preincubation at 94³C for 5 min, a total of 25 cycles were performed of 94³C for 1 min, T e for 1 min and 72³C for 1 min. In the ¢rst 20 cycles, T e decreased by 1³C, stepwise every two cycles, from 65³C in the ¢rst cycle to 56³C in the twentieth. This`touch-down' procedure was followed to decrease aspeci¢c ampli¢cation [23] . In the last ¢ve cycles T e was 55³C. Cycling was followed by 5 min incubation at 72³C. The magnesium chloride concentration was 3.0 mM. Other PCR reaction conditions were as described above.
For analysis of cloned sequences in DGGE, the same approximately 200-bp region of the 16S rDNA was ampli¢ed from the plasmids using the primers F357GC and R518. With the exception of the magnesium chloride concentration (1.5 mM), reaction conditions and thermocycling were as described above.
DGGE was performed essentially as described by Muyzer et al. [22] . Brie£y, similarly sized PCR-products were separated on a 1.5 mm thick, vertical gel containing 8% (w/v) polyacrylamide (37.5:1 acrylamide:bisacrylamide) and a linear gradient of the denaturants urea and formamide, increasing from 30% at the top of the gel to 60% at the bottom. Here, 100% denaturant is de¢ned as 7 M urea and 40% (v/v) formamide. Electrophoresis was performed in a bu¡er containing 40 mM Tris, 40 mM acetic acid, 1 mM EDTA, pH 7.6 (0.5UTAE) for 16 h at 100 V. The gel was stained for 1 h in 0.5UTAE containing 0.5 Wg ml 3I ethidium bromide followed by 20 min destaining in 0.5UTAE. The gel was recorded with a CCD camera system (The Imager, Appligene, Illkirch, France). Processing of the image was limited to improvement of contrast and applied solely on the image as a whole, with the help of the program Aldus Photostyler 2.0 (Aldus corporation, Seattle, WA, USA).
Sequencing of DNA from DGGE bands
A small block of gel from the middle of the target band was excised from the DGGE gel with a surgical knife. The block was placed into a 2-ml screw-cap tube and 0.5 g of beads and 0.5 ml TE were added. To elute the DNA from the gel, the tube was shaken with a Mini Beadbeater for 2 min at 5000 rpm and thereafter incubated overnight at 4³C. To determine the migration characteristics of the eluted DNA, 5 Wl of the supernatant was subjected to PCR with the primers F357GC and R518 as described above and analyzed by DGGE. For sequence determination, we followed two approaches. First, eluted DNA was directly sequenced by reamplifying 5 Wl of the supernatant with the primers F357 (no GC-clamp) and R518plus, and AmpliTaq Gold (Perkin-Elmer) using the PCR conditions described above. The ampli¢cation product (50 Wl) was excised from an agarose gel (2% agarose, 0.5UTAE) and puri¢ed using QIAquick spin columns (Qiagen). 5 Wl out of the 30 Wl of spin column eluate was subjected to sequence reactions with the primer Stef1Tex as described above. Second, DNA eluted from the DGGE gel was cloned and sequenced by reamplifying 5 Wl of the supernatant with the primers F357 (no GCclamp) and R518, and Taq DNA polymerase (Boehringer Mannheim) using the PCR conditions described above. The cloning of the PCR product into pGEM-T and the sequence reactions with the primer M13 (326) reverse were performed as described above.
Phylogenetic analysis
The 16S rDNA sequences recovered from Lake Loosdrecht water were screened against sequences in the Ribosomal Database Project [24] using the program Similarity Rank (http://rdpgopher.life.uiuc.edu/RDP/commands/rank.html), and against Gen-Bank/EMBL sequences using the programs Fasta [25, 26] and Blast [27] (via http://www.ddbj.nig.ac.jp/E-mail/homology.html). Then, the recovered sequences and the sequences with highest similarity from the above procedures were aligned to reference sequences from all described bacterial phyla obtained from the SSU rRNA database [28] . This alignment was made on the basis of comparison of secondary structural elements in the ribosomal RNA using the Dedicated Comparative Sequence Editor (DCSE [29] ). Similarity values were computed on the basis of this alignment using the program package TREE-CON [30] . No corrections were made for multiple substitutions and gaps were not taken into account.
Phylogenetic trees were constructed using two different methods. First, neighbor-joining analysis was performed with the program package TREECON in which evolutionary distances were corrected for multiple substitutions according to the algorithm of Jukes and Cantor [31] . Gaps were taken into account as single mutational events regardless of their length [32] . The resulting distance matrix was used to construct an evolutionary tree using the neighbor-joining method [33] . The consistency of the tree branches was assessed by bootstrap analysis from resampled data [34] . Second, maximum likelihood analysis was performed using the test version 4.0d59 for DOS of the program PAUP* developed by David L. Swofford (Laboratory of Molecular Systematics, Smithsonian Institution, Washington, DC, USA). Nucleotide frequencies and transition to transversion ratios were estimated from the data. Nucleotide substitution rates were assumed to follow a gamma distribution with shape parameter=0.5 with settings according to the HKY model [35] .
Nucleotide sequence accession numbers
Sequences of LD19 and LD29 have been deposited with EMBL under the accession numbers AF009974 and AF009975, respectively.
Results
We obtained 16S rDNA sequences from a single sample taken from Lake Loosdrecht in January 1996. The DNA extracted from this sample was am-pli¢ed in two ways. First, a primer set was used to amplify approximately 200 bp (E. coli positions 3385 38) of the 16S rDNA. This ampli¢cation product was subjected to DGGE to separate the di¡erent sequence variants, thus generating a`direct ampli¢-cation pattern' (Fig. 1, lane 7) . Second, a primer set was used to amplify almost the entire 16S rRNA gene (E. coli positions 7^1512). This ampli¢cation product was cloned into plasmids. For DGGE analysis, however, the entire 16S rRNA gene is too large. Therefore, the aforementioned 200-bp primer set was used to generate ampli¢cation products from the cloned 16S rDNA sequences, which could then be analyzed using DGGE. In this manner, it was possible to analyze the diversity among the cloned 16S rDNAs and furthermore, it was possible to compare the gel positions of the 200-bp PCR products of the clones with the direct ampli¢cation pattern from the natural sample. Among the 97 clones analyzed, we could distinguish 23 bands migrating to di¡erent positions in the DGGE gel (data not shown). Partial sequence analysis of representative clones from each of these positions revealed that 12 sequences clustered with the cyanobacteria or plastids, ¢ve clones clustered with the £avobacteria and four clones clustered with the proteobacteria (unpublished results). Sequences from two clones, LD19 and LD29, however, did not cluster within any of the bacterial phyla described by Woese (reviewed in [36] ).
The 200-bp PCR products of clones LD19 and LD29 appear in lanes 2^4 of the DGGE gel in Fig.  1 , next to the ampli¢cation products of lake samples taken in April and August of 1995 and January of 1996 (lanes 5^7). In all three lake samples, low intensity bands are visible at the exact position of the clones. To investigate if the ampli¢ed DNA of the bands from the lake sample indeed exhibited the same sequence as the clones, we excised gel material from the`LD19' and`LD29' bands of the January sample and reampli¢ed the DNA with the 200-bp primer set. Although we took pains to excise a very small piece of DGGE gel from the middle of the band, the reampli¢cation products showed not only the targeted band, but also some of the more intense bands from the original pattern (lanes 9 and 11). Apparently, small amounts of DNA from all sequence types were present throughout the gel, possibly in the form of single stranded molecules. The low intensity of the targeted bands may have increased the chance of amplifying these background products. To further enrich the`LD19' and`LD29' DNA, we then excised the target bands from the reampli¢cation patterns and once more reampli¢ed the DNA. The products of this second reampli¢cation each showed only one visible band at the position of clone LD19 and LD29, respectively (lanes 10 and 12). This reampli¢ed DNA was analyzed by`direct' sequencing and by sequencing clones from the reampli¢ed DNA. The direct sequences of the ream-pli¢ed`LD19' and`LD29' bands exhibited 98.9% and 99.5% sequence similarity, respectively, to the original clones LD19 and LD29, over approximately 190 unambiguous nucleotides. All clones derived from the reampli¢ed DNA (two for`LD19' and four for`LD29') also displayed a high degree of sequence similarity (99^100%) to the corresponding original clones. The observed mismatches were probably due to polymerase misincorporations during the PCR reampli¢cation procedures.
To investigate their phylogenetic placement, clones LD19 and LD29 were further sequenced to obtain the complete cloned 16S rDNA nucleotide sequence. Comparison of the aligned LD19 and LD29 sequen- ces to over 2000 nearly full-length database sequences showed that they had a similarity of less than 76% to any of the entries from the established bacterial divisions. The closest database sequences were from molecular clones recovered from geographically disparate and diverse environments. These include clones from a forest soil in Australia (termed MC cluster III clones, pre¢x MC) [18] , a Washington State grassland soil (clone EA25) [37] , an Amazonian mature forest soil and an Amazonian pasture land soil (pre¢xes M and P, respectively) [38] , clones from the sediment of a freshwater lake in South Carolina, USA (pre¢x RB) [39] and clones from the water column of freshwater lakes in the Adirondack mountains, New York State, USA (pre¢x ACK) [40] . These environmental clones belong to the new bacterial division Verrucomicrobiales [19] which also comprises cultivated species from the genera Verrucomicrobium [19] and Prosthecobacter [20] and three cultivated isolates from an Italian rice paddy soil (VeCb1, VeGlc2 and VeSm13) [41] . Table 1 shows selected similarities of LD19 and LD29 to represen-tatives of the established phyla as well as to environmental clones. LD29 is most similar (approximately 92%) to clones MC17 and EA25. One of the clones from the Adirondack mountain lakes, ACK-DE41, has a similarity of 93% to LD29, but this comparison includes only 308 nucleotides. LD19 is more divergent with a similarity to the closest sequences, MC17 and EA25, of approximately 83%.
Adherence of clones LD19 and LD29 to the proposed division of Verrucomicrobiales is supported by phylogenetic trees shown in Figs. 2 and 3. Fig. 2 shows the result of neighbor-joining analysis on approximately 300 bases of the 16S rDNA. This limited region was chosen to include the Adirondack mountain lake clones. In this analysis we observed four distinct radiations, hereafter referred to as groups A^D. Group A, which contains only cultivated species of the genera Verrucomicrobium and Prosthecobacter, is most closely related to group B, which contains only environmental sequences including clone LD29. The consistency of each of the groups A, B and D is supported by bootstrap values greater Values are given for two regions of the gene because sequence information is limited for most of the environmental clones. The origin of the environmental clones is described in the text. than 95% in analyses of larger regions of the gene (i.e. nucleotides 49^1041 and 49^1406, using all of those sequences that include these positions). For group C, only limited sequence information is available in these regions. The divergent sequence LD19 does not group within any of the groups A^D. However, its grouping within the`supergroup' ABC is supported by a bootstrap value of 97%, consistent with the even more divergent nature of the rice paddy ¢eld isolates of group D. Taken together, the members of the division Verrucomicrobiales, including group D, form a monophyletic group. The separation of this group from other bacterial divisions is supported by bootstrap values of 100% if regions larger than 500 nucleotides are included.
The results from maximum likelihood analysis of nearly complete 16S rRNA gene sequences are displayed in Fig. 3 . The tree supports the monophyletic clustering of the division Verrucomicrobiales with group D (VeCb1) on its outskirts and the separation of EA25 and LD29 (group B) from the Verrucomicrobium and Prosthecobacter sequences (group A). In addition, this analysis con¢rms the clear separation of the division Verrucomicrobiales from the closest bacterial divisions: the planctomycetes and members of the genus Chlamydia [20] . Plus signs indicate accordance with signature. Groups A^D are radiations within the Verrucomicrobiales division as de¢ned in Fig. 2 . All members of these groups shown in Fig. 2 are included (A, n = 5; B, n = 16; C, n = 10; D, n = 3). According to Liesack et al. [18] . Prosthecobacter FC2 and Verrucomicrobium spinosum have UA, others have CG. Further support for coherence of the groupings in the division Verrucomicrobiales comes from the presence of signature nucleotides unique to the MC cluster III clones (group B), as identi¢ed by Liesack et al. [18] . Table 2 shows that these signatures are shared by all 16 members of group B, by LD19 and by the members of group A (with the exception of the canonical RNA base pair at positions 826 and 874, where Prosthecobacter species FC1, FC3 and P. fusiformis have the more common`CG' instead of`UA'). Groups C and D share only two and one of these signatures, respectively, consistent with their phylogenetic distance to groups A and B.
Furthermore, Liesack et al. [18] reported that the MC cluster III clones shared four out of the 13 signature nucleotides of the planctomycetes (de¢ned by Woese [6] ) underscoring their relationship to this bacterial division. Table 3 shows that, in agreement with their relationship to the MC cluster III clones, all members of group A and LD19 and LD29 share the same four planctomycetes signatures. The rice paddy soil isolates in group D also display four of the planctomycetes signatures. However, one is at another position.
Discussion
In a study of the genetic diversity of the bacterial community in a freshwater lake we recovered two unique 16S rDNA sequences (clones LD19 and LD29) which appear to be related to the division Verrucomicrobiales [19] . The occurrence of the sequences LD19 and LD29 is noteworthy since the Verrucomicrobiales division is new and although the amount of environmental sequences in this division is growing, at present relatively few (nearly) complete gene sequences are available. Caution should however be taken with sequences extracted and am-pli¢ed directly from the environment. Several sources of errors have been identi¢ed, such as polymerase misincorporations during the PCR, sequencing errors and, most deleterious, the formation of chimeric sequences [42] . Although we cannot exclude any of these errors, the number of errors of the ¢rst two categories can be limited by employing a low number of ampli¢cation cycles in the formation of clones and by obtaining sequence data from both strands. Limiting the number of ampli¢cation cycles also reduces the chance of chimeric sequence formation according to a study by Wang and Wang [43] . Furthermore, the sequences of LD19 and LD29 assumed the same phylogenetic positions irrespective of the portion of the gene analyzed (not shown). In addition, all helix regions in which the complementary regions are separated more than 100 bases were fully compatible with known secondary structures for the 16S rRNA. These helix regions are variable between different phyla of the bacterial domain. Therefore, these sequences are very unlikely to be the product of recombination between organisms of di¡erent phylogenetic grouping. However, recombination between more closely related organisms remains a possibility, since the helix regions are highly conserved within the Verrucomicrobiales division. The sequences of clones LD19 and LD29, together with other new sequences belonging to the Verrucomicrobiales, underscore the great diversity in this division. However, the amount of data now available allows the observation of phylogenetic structure within this diversity. At least four monophyletic groups (here designated A^D) can be discerned, which are clearly separated and coherent as apparent from phylogenetic analyses as well as the presence of signature nucleotides which are shared to di¡erent extents by the di¡erent groups. Cultivated bacteria are available from two of the groups (A and D), which may help in understanding the physiology and ecology of other members of the division. The morphology and habitat of the cultivated organisms from groups A and D is widely di¡erent; while members of the ¢rst group are prosthecate bacteria isolated from freshwater lakes, members of group D are coccoid ultramicrobacteria from soil. Nevertheless, there are metabolic similarities between cultivated strains from these groups. Both Verrucomicrobium spinosum from group A and the rice paddy soil isolates from group D can perform aerobic respiration as well as ferment various sugars under anaerobic conditions [41, 44] . However, the genetic distance separating clones LD19 and LD29 from these cultivated strains (more than 13% 16S rDNA nucleotide divergence) allows a high degree of phenotypic variation. Therefore, deduction of physiological properties of these clones from those of the known cultivated strains is still speculative.
DGGE was utilized to relate the recovered clones to bands in the direct ampli¢cation pattern. The template DNA used for cloning of sequences was also used to generate the January DGGE pattern. There-fore, it is probable that bands from the January pattern and clones migrating to the same position as these bands contained identical sequences. For the bands corresponding to clones LD19 and LD29 we tried to con¢rm this through the determination of sequences obtained from the bands. Although two rounds of gel excision and reampli¢cation were necessary to obtain relatively pure ampli¢cation products, indeed both directly determined and cloned sequences of these ampli¢cation products matched (with few mismatches) to the sequences from the corresponding clones. This shows that these sequence types were indeed represented in the targeted bands, although the possibility remains that other sequences were also present.
Both sequence types LD19 and LD29 showed low intensity signals in the direct ampli¢cation pattern relative to the total intensity of the sample. However, several factors, such as the number of 16S rRNA gene copies per cell, the DNA isolation e¤ciency and the ampli¢cation e¤ciency in PCR, may in£uence the intensity of the signal in an uncertain manner. For one, the sequence of the primers used for DGGE analysis mismatched at three positions with clone LD19 (positions 7 and 9 from the 3P end of the forward primer and position 15 of the reverse primer) and at one position with clone LD29 (position 7 of the forward primer). This degree of mismatch may have adversely in£uenced the e¤ciency of am-pli¢cation. Therefore, further experiments such as in situ hybridization are necessary for a more de¢nite estimation of the relative abundance of these bacteria.
The presence of bands at the exact position of LD19 and LD29 in the samples from April and August 1995, as well as January 1996, suggests that the bacteria are present in the lake throughout the year. This observation makes it more likely that the lake water is their natural habitat. Remarkably, ACK-DE41, one of the closest sequences to LD29, was also recovered from the water column of a freshwater lake. However, presently, all other members of group B have been obtained from soils. Considering the genetic distance between LD19 and LD29, the corresponding bacteria may have marked physiological di¡erences, enabling them to occupy di¡erent niches within the freshwater habitat. What their precise role is, and their relation to the domi-nating cyanobacteria in the lake, remains to be established.
